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Abstract. Once the wind data is measured, the values are processed, 

based on statistic approach, as accurately as possible, to provide a clear 

over-view of the locations wind potential, being the basis of any wind 

farm project, representing the go or no-go in further subsequent design 

steps. The probability density distributions are derived from time-series 

data, identifying the associated distributional parameters. The wind en-

ergy potential of the locations is studied based on the Rayleigh and 

Weibull models, implemented with the help of Excel computations, and 

representing tools, to understand the wind characteristics. Based on the 

statistical analysis of wind conditions presented here, the results of cur-

rent study can be used to make a sustainable energy yield for any loca-

tion. 
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1. Introduction

The Intergovernmental Panel on Climate Change (IPCC) report published in 

august 2021, highlights ‚code red’ for global heating, driven by human. [1] Measures 

to counteract, not just trends, but in the meantime a recognized scientific reality, the 

global heating, are defined at the European Union level in the Green Deal, identify-

ing and fixing targets on different levels focused on no net emissions of greenhouse 

gases by 2050 and economic growth decoupled from resource use [2]. In increasing 

the share of renewable energies as well as energy sustainability, the wind energy, 

will have a significant role. [3] 

Once the technologies enable to build bigger wind turbines (higher pills, larger 

rotor diameter and consequently more installed power per wind turbine), locations 

that until now were not suitable for exploiting the wind potential, even under certain 

subsidy conditions, can become now interesting. 

The character of this energy source is a stochastic one, the most important pa-

rameter, the wind speed, and his direction, are, for a given location, mostly randomly 

in time. Wind data analysis and accurate wind energy potential assessment are criti-

cal factors for suitable development of wind power application at a given location. 
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[4] Knowing the statistical properties of the wind speed is essential for computing 

parameters which describe the potential of a location, independent of the wind tur-

bine characteristic. One such parameter is Wind Power Density (WPD), predicting 

the energy output of a wind energy conversion system, related to the power charac-

teristic of the turbine. Thus, a proper analysis and understanding of statistical wind 

speed data are crucial, as well as for the structural and environmental analysis [5] as 

for the performance of wind energy conversion system [6] and the assessment of the 

wind energy potential. The probability distribution of wind speeds over a certain 

time interval correlated with the wind rose, form together the main information 

needed to estimate, for a given site, the wind energy output.  

The main decision of exploiting the wind potential of a certain locations is based 

on the analysis of measured wind speed data. [7] Mainly, various mathematical tools, 

focuses on obtaining and subsequent interpretation of the wind speed characteristics, 

as the Weibull or Rayleigh functions, simplify the presentation as well the interpre-

tation, of a wide range of wind speed data [4]. Therefore, a lot of software tools have 

been developed, integrating different features. The presents paper wants to emphasis 

how applications focused on a spreadsheet, as Excel, can provide a very powerful 

tool in wind data processing. [8] 

2. Wind data – statistical representation and available power 

Calculations of energy, and later power, available in the wind is based on phys-

ics and geometry knowledge, figure 1. [9] 

Starting from the basic definition of the kinetic energy (KE) of an object with 

mass M and velocity V is given by: 
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�
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To find the kinetic energy of the wind, we make the analogy of the air parcel that 

cross the rotor surface of the wind turbine over a given time with a puck, described 

through a cross-sectional area (A) and a thickness (D), with a certain volume (Vol). 

Considering that the density of air volume is given by the report mass per volume, 

as well as the velocity (v) of the air parcel that can be expressed as the time (T) 

needed for the air parcel to cross the wind turbine blades, the expression of the ki-

netic energy gets: 
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The available power (P) in the air parcel can be expressed dividing energy by 

time, relation (3), [10] and if afterwards the power expression will be divided with 
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the air parcels cross-sectional area (A), we get the so-called wind power density 

(WPD), relation (4), a parameter that has no dependence on the wind turbine char-

acteristics: 

 

 
Figure 1. Illustrative for the physics of wind power 
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Generally, the locations that fits for exploitation of the wind potential, are pri-

ority described based on the wind class ranking rather mean wind speed or wind 

power density (WPD), the wind power classes, seven in number, being associated 

with a variation range of the WPD.  

The usual method of obtaining the frequencies of different speeds is classifica-

tion. The measured speed values (i.e. the values averaged over a period of 1 or 10 

minutes) are divided into classes of 1 m/s and displayed as a frequency distribution. 

These metrologically recorded relative frequency distributions can be described an-

alytically by the two-parametric Weibull distribution with the shape parameter k and 

the scaling factor A, figure 2. [10] The shape of the Weibull curve is described by 
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the shape parameter k taking usually values between 1 and 3. Figure 3 shows curves 

of the Weibull function for different shape parameters at an average wind speed of 

4 m / s. [4] 

 
Figure 2. Example of a frequency distribution fitted with Weibull and Rayleigh 

curves [10] 

 

 
Figure 3. Wind speed distribution based on the Weibull function for a mean wind 

speed v=4 m/s; k=2 Rayleigh distribution 

 

As an important parameter in computing more exactly the wind potential for 

each location intervenes the air density, ρ, that depends on a series of factors, as: 
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elevation above sea level, atmospheric pressure, air temperature. To obtain a first 

overview of the location’s possibility of wind exploitation, the use of ρ = 1.225 kg/m3 

is widespread, which does not lead to huge error in the WPD estimation process. [10] 

The WPD expression (4) contains the assumption of computing it considering 

the mean wind speed, but to obtain a more accurate estimation of WPD, must be 

done a summation over time, as follows 

��� = 0.5 ∙ �
�
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���
��� ,      (5) 

were n representing the wind speed readings, vi and ρi are the jth (1st, 2nd, 3rd, etc.) 

readings of wind speed and air density. [11] The most accurate result, since wind 

speed v and air density ρ will change with every new measurement, would entail a 

calculation for every data interval. The WPD can be interpreted as if an energy 

source with this determined average power would be constantly available at the con-

sidered location and in the considered period. [10] 

3. Statistical analysis on given wind data set, using Microsoft Excel 

spreadsheet applications 

The provided analysis we will use wind date measured for a year [12], consist-

ing of wind speed related to hours per year. Based on that information, Excel gives 

us the opportunity to create a histogram from the wind data. [13] For this we will 

compute the percentage of the time/hours the wind blows with a certain wind class 

related to the analyzed time (one year) by dividing each position in the Hours per 

year column to the total sum (8760 hours = 1 year), obtaining the frequency of oc-

currence. To represent the histogram, we select and represent the first, A, and third, 

C, column (figure 4) in a graph, for which the bar chart fits best, figure 5.  

If we want to compute the Weibull Density Function, Excel has for this the 

WEIBULL.DIST(x, alpha, beta,cumulative) [14] function, were, in our case, x rep-

resents the wind speed, alpha – the shape factor, usually know as k for which we will 

use the value two, beta what we know as lambda, for what we will use 7, and then 

we are asked rather we want to keep a cumulative distribution function, TRUE, or a 

probability density function, FALSE, that we will use: WEIBULL.DIST(A3, 2, 7, 

FALSE). Summing all the computed range of values, we obtain a value close to one 

(≈ 1.01). Plotting the two columns, A and D, figure 4, we obtain what is expected to 

be a Weibull curve, figure 6. 

 Next, we will look at the power in the wind, comparing it using the annual av-

erage speed (4) versus using the wind distribution (5). If we compute and use the 

medium wind speed for the given wind data, figure 4 Column F, the resulted WPD 

is 226.28 W/m2, figure 4 Column E. If we multiply this value with the number of 

hours per year, 8.760 h, we obtain 1982204.53 Wh/m2, representing the total power 

per unit area, as an average, that will go through at that given site for the average 
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wind speed of the location. If we do now the same but for each of our bins, and sum 

the column H, figure 4, we obtain 383.56 W/m2, which multiplied by the total num-

ber of hours per year, will lead us to 3359999.33 Wh/m2. The proportion between 

W/m2 and Wh/m2 are similar, 383.56 W/m2 / 226.28 W/m2 ≈ 1.7, that means we 

obtain almost twice as much power out per unit area using the Weibull distribution! 

This reflects what really happens with the evolution of the wind, rather than the sit-

uation with a constant speed value (average wind speed).  

 

 
Figure 4. Analyzed wind data in Excel 
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Figure 5. Histogram of wind data in Excel 

 

 
Figure 6. Weibull distribution 

4. Conclusion 

The paper reflects a part of the main statistical analysis that can be applied on 

measured wind data appealing spreadsheet applications, in this case Microsoft Excel. 

The statistical computation on the wind speed datas have showed a high level of 

transparency for the user, being able to follow and understand much better the entire 

computational steps, the existing connections and interaction between certain param-

eters, and, as well, the big advantage of not having to resort on specialized developed 

programs, which requires acquisition fee, and, usually, additional maintenance costs. 
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